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FOREWORD 

The work descr ibed  he re in  is sponsored by t h e  Nat ional  Aeronautics and 

Space Adminis t ra t ion under Contract NAS 3-6474. For t h i s  program, M r .  R .  L. 

Davies i s  t h e  NASA Projec t  Manager. 

The program i s  being adminis tered f o r  t h e  General Electric Company by 

D r .  J .  W .  Semmel, Jr., and E .  E .  Hoffman is  a c t i n g  as t h e  Program Manager. 

J .  Holowach, t h e  Pro jec t  Engineer, i s  respons ib le  f o r  t h e  loop design,  

f a c i l i t i e s  procurement and test ope ra t ions .  R .  W .  Harrison, t h e  P ro jec t  

Me ta l lu rg i s t ,  i s  respons ib le  f o r  t h e  materials procurement, u t i l i z a t i o n  and 

eva lua t ion  a spec t s  of t h e  program. Personnel making major con t r ibu t ions  t o  

t h e  program during t h e  cu r ren t  r epor t ing  period include:  

A lka l i  Metal P u r i f i c a t i o n  and Handling - D r .  R .  B. Hand, L .  E .  

Dotson and H .  Bradley. 

Welding and Joining - W R .  Young and S .  R .  Thompson. 

Refractory Alloy Procurement - R .  G .  Frank and L .  B.  Engel, Jr.  
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ADVANCED REFRACTORY ALLOY CORROSION LOOP PROGFLAM - 

I INTRODUCTION 

This  r e p o r t  covers  t h e  per iod  from Januaxy 15, 1967 to  Apr i l  15, 

1967. The primary t a s k  of t h i s  program i s  t o  f a .b r i ca t e ,  ope ra t e  f o r  

10,000 hours  and eva lua te  a. T-111 Rankine System Corrosion T e s t  Loop. 

Ma.terials f o r  eva lua t ion  inc lude  t h e  containment a l l o y ,  T-111 (Ta-8W-2Hf) 

and t h e  t u r b i n e  candidante  m a t e r i a l s  Mo-TZC and Cb-132M which a r e  loca t ed  

i n  t h e  t u r b i n e  s imula tor  of t h e  two-phase potassium c i r c u i t  of t h e  

system. The loop  design w i l l  be s i m i l a r  t o  t h e  Cb-1Zr Rankine System 

Corrosion Loop; a two-pha,se, forced  convection, potassium cor ros ion  test  

loop which has  been developed under Cont rac t  NAS 3-2547.. Lithium w i l l  

be heated by d i r e c t  r e s i s t a n c e  i n  a primary loop. H e a t  r e j e c t i o n  f o r  

condensation i n  t h e  secondary potassium loop w i l l  be accomplished by 

r a d i a t i o n  i n  a. h igh  vacuum environment t o  t h e  w a t e r  cooled chamber. The 

compa t ib i l i t y  of t h e  s e l e c t e d  ma, te r ia l s  w i l l  be eva.luated a.t cond i t ions  

r e p r e s e n t a t i v e  of space electric power system ope ra t ing  condi t ions ,  

name 1 y : 

a.. 

b. 

c .  

d. 

e. 

f .  

g. 

h. 

I n  

Boil ing temperature,  2050'F 

Superheat temperature,  2150'F 

Condensing temperature,  1400'F 

Subcooling tempera,ture, lOOOOF 

Mass f low ra,te,  40 l b / h r  

Bo i l e r  exit vapor ve loc i ty ,  50 f t / s e c  

Average hea t  f l u x  i n  plug (0-18 inches) ,  240,000 BTU/hr f t  

Average hea t  f l u x  i n  b o i l e r  (0-250 inches) ,  23,000 BTU/hr f t  

2 

2 

a.ddition to  t h e  primaxy program t a s k  c i t e d  a.bove t h e  program a l s o  

inc ludes  ca.psule t e s t i n g  to eva lua te  a.dvanced ta,nta.lum a.lloys of t h e  

ASTAR 811 type  (Ta-8W-1Hf-1Re) i n  both potassium and l i t h ium.  

-1- 



Also included in the program is the fabrication, 5000-hour operation 

and evaluation of a. 2600°F, high flow velocity, pumped lithium loop 

designed to evaluate the compatibility of the ASTAR 811 type alloys, T-111, 

T-222, and the tungsten alloy, W-25Re-30Mo. 

-2- 



ii. 11 .  SUMMARY 

All the refractory alloy materials for construction of Corrosion Loop I 

(T-111) have been received and quality assurance inspected. 

A trial lithium distillation run is in progress to determine the opera- 
tional characteristics and the extent of lithium purification achieved by 

distillation. 

Fabrication of loop components is in progress with most major components 

nearing completion. 

The ASTAR 811 and ASTAR 811CN tantalum alloy specimens have been con- 
taminated with oxygen to the desired levels in preparation for the lithium 

and potassium capsule tests, 

'* I 

"i 
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111. PROGRAM STATUS 

i 
i 
I 

A .  MATERIALS PROCUREMENT 

A l l  t h e  r e f r a c t o r y  a l l o y  materials f o r  cons t ruc t ion  of Corrosion Loop I 

(T-111) have been received and q u a l i t y  assurance in spec ted .  

1. T-111 Alloy 

The q u a l i t y  assurance in spec t ion  of t h e  0.375-inch OD and 1.0-inch OD 

T-111 a l l o y  tubing has been completed. Eighty-three percent of t h e  0.375- 

inch OD T-111 a l l o y  tubing received m e t  t h e  requirements of SPPS Spec i f i -  

c a t i o n  01-0035-00-By Seamless Tubing and Pipe:  T-111 (Ta-8W-2Hf) Alloy. 

Table I i l l u s t r a t e s  t h e  d i s t r i b u t i o n  of usable  lengths  of t h e  0.375-inch OD 

tubing a f t e r  removal of a l l  non-acceptable d e f e c t s .  A l l  of t h e  1.0-inch OD 

T-111 a l l o y  tubing passed t h e  q u a l i t y  assurance in spec t ion  performed by 

General  Electr ic  

I1 I 1  

During t h e  sampling of t h e  T-111 a l l o y  tubing f o r  t h e  q u a l i t y  assurance 

tests, severe r a d i a l  cracking was observed on su r faces  cu t  with an  ab ras ive  

cut-off wheel as i l l u s t r a t e d  i n  Figure 1. The cracks were g r e a t l y  accented 

by f l a t t e n i n g  t h e  cut t ube .  After  f l a t t e n i n g ,  it w a s  apparent t h a t  t h e  

cracks w e r e  concentrated on t h e  s i d e  of t h e  tube t h a t  made t h e  i n i t i a l  con- 

t ac t  with t h e  ab ras ive  cut-off wheel. The b e l i e f  t h a t  t h e  cracking w a s  

caused by t h e  a c t i o n  of t h e  ab ras ive  cut-off wheel w a s  s u b s t a n t i a t e d  by t h e  

f a c t  t h a t  removal of t h e  cu t  surface of t h e  tube by gr inding r e s u l t e d  i n  no 

cracking i n  t h e  tube upon f l a t t e n i n g ,  Figure 2 .  The ab ras ive  wheel used 

f o r  t h e s e  cuts  was an All ison* aluminum oxide wheel, designat ion VA1202MRA. 

Subsequently an A l l i s o n  s i l i c o n  ca rb ide  ab ras ive  wheel, ClBOKRA, w a s  used t o  

cu t  t h e  T-111 a l l o y  tubing with g r e a t l y  improved r e s u l t s ,  Figure 3 .  Although 

cracking of t h e  T-111 a l l o y  tubing due t o  c u t t i n g  w i t h  an ab ras ive  wheel w a s  

e s s e n t i a l l y  e l iminated,  w i th  t h e  use of a s i l i c o n  ca rb ide  wheel (ClSOKRA), a 

*Allison-Campbell Divis ion,  American Chain and Cable Company, Bridgeport ,  
Connecticut 
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?I 1 TABLE I .  DISTRIBUTION OF USABLE LENGTHS 
OF 0.375-INCH OD T-111 ALLOY TUBING - 

i n  Feet 
Number of Tubes 

Within Range 

14 

17 

13 

6 

4 

2 

4 

1 

f l  

Passed SPPS s p e c i f i c a t  ion 01-0035-00-B Seamless Tubing 
and Pipe : T-111 (Ta-8W-2Hf) Alloy . I 1  
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‘ 1  

Figure 1. Radial Cracks in 0.375-Inch OD x 0.065-Inch Wall T-13.1 Alloy 
Tubing (MCN02A0066-3) After Cutting With an Allison VA1202MRA 
Alumina Abrasive Wheel. 

(Orig . D160112) Magnification: 50X 

ci23e-2 
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Figure 2. 

a) Bent as Cut.  

I 
* )  

b) 0.040'' Ground O f f  Cut 

:i Surfaces  P r i o r  t o  Bending 

- 9  

i 
-.'. 3 c )  0.10" Ground O f f  Cut 

Surfaces  P r i o r  t o  Bending 

i 
P 

Samples of F la t tened  0.375-Inch OD x 0.065-Inch Wall T-111 
Alloy Tubing After Cutt ing With an Al l i son  VA1202MRA Alumina 
Abrasive Wheel Showing the  Bene f i c i a l  E f f e c t  of Removing t h e  
Surface Layer After Cutting. Orig. C66122323 

Cl238-3 
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Figure 3. Flattened 0.375-Inch OD x 0.065-Inch Wall T-111 Alloy Tube 
After Gutting With an Allison C120KRA Silicon Carbide 
Abrasive Wheel. The Cut Surface was not Ground Back Prior 
to Flattening. 

(Orig. C66121614) 

, 

Cl238-4 
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c 

few very s m a l l  c racks s t i l l  were observed i n  por t ions  of t h e  cut t ubes .  A s  

a r e s u l t ,  it is  necessary t o  exercise extreme care i n  us ing  an ab ras ive  wheel 

f o r  c u t t i n g  T-111 a l l o y  m i l l  products when cracks cannot be t o l e r a t e d .  Under 

t h e s e  condi t ions ,  t h e  cu t  su r faces  should be ground back, e tcked,  and pene- 

t r a n t  inspected,  i n  order  t o  be su re  t h a t  a l l  c racks  have been removed. 

A l l  of t h e  products  made from t h e  f o u r t h  and f i f t h  T-111 a l l o y  ingo t s  

(Number 111-D-1102 and Number 111-D-1765, r e spec t ive ly )  have been rece ived ,  

and General Electric SPPS q u a l i t y  assurance in spec t ion  and t e s t i n g  of t h i s  

ma te r i a l  has been completed, A por t ion  of t h i s  material has  been r e l eased  

f or  manufacture. 

F ina l  anneal ing (300O0F f o r  one hour) of t h e  products  made from t h e  

s i x t h  T-111 a l l o y  ingot  (Number 111-D-1829) was completed on February 3,  1967 

a t  Wolverine Tube. The f i n a l  machining of t h e s e  products  w a s  completed a t  

Pverson I n d u s t r i e s  and a l l  t h e  i t e m s  from t h i s  ingot  have been rece ived .  

General E lec t r ic  SPPS q u a l i t y  assurance inspec t ion  and t e s t i n g  of t h e s e  pro- 

duc ts  is now i n  progress .  The products  obtained from t h i s  ingot  are f o r  

back-up purposes and a r e  not c r i t i c a l  t o  i n i t i a t i n g  t h e  loop f a b r i c a t i o n  

phase of t h i s  program e 

2 .  Qual i ty  Assurance f o r  Refractory Metal M i l l  Products 

Tde q k l i f y  assurance program w a s  e s t ab l i shed  t o  provide adequate iden- 
i 

t i f i c a t i o n  and documentation of t h e  q u a l i t y  of t h e  r e f r a c t o r y  metals and 

a l l o y s  used i n  t h e  cons t ruc t ion  of Corrosion Loop I (T-111). The major i ty  

of t h e  q u a l i t y  assurance measures w e r e  performed and c e r t i f i e d  t o  be wi th in  

s p e c i f i c a t i o n  by t h e  ma te r i a l s  producers;  check tes t s  performed by t h e  

General E lec t r ic  Company gene ra l ly  were l imi t ed  t o  chemical ana lyses  of t h e  

i n t e r s t i t i a l  elements,  metal lographic  examination, hardness measurements, and 

v i s u a l  inspec t ion  of t h e  incoming products .  

Upon r e c e i p t  of nater ia l  from t h e  material produ&rs , a Mater ia l  Control 

Number (MCN) was assigned t o  each homogeneous l o t  of material. A homogeneous 

l o t  includes a l l  material of t h e  same s i z e ,  shape, condi t ion ,  and f i n i s h  from 

one heat  of material and which has  received t h e  same processing,  has  been 

-10- 
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annealed i n  t h e  same vacuum annealing charge,  and has  been processed i n  t h e  

same manner i n  a l l  operat ions i n  which t h e  processing temperatures exceeded 

500" F e 

A l i s t i n g  of t h e  r e f r a c t o r y  metal and a l l o y  m i l l  products procured f o r  

t h e  program, t h e  s p e c i f i c a t i o n s  t o  which they were procured, and t h e  r e su l t s  

of t h e  q u a l i t y  assurance tests are presented i n  Tables I1 through V .  A 

summary of t h e  q u a l i t y  assurance test r e s u l t s  wi th  r e spec t  t o  meeting t h e  

requirements of t h e  s p e c i f i c a t i o n  i s  shown i n  Table V I .  

The f a i l u r e  of numerous p i eces  of T-111 a l l o y  t o  m e e t  t h e  s t r e s s - r u p t u r e  

l i f e  requirements is  a t t r i b u t e d  t o  t h e  1475°C (2687"F)/1 hour heat  t reatment  

given t h i s  material. Samples of t h e s e  p i eces  which w e r e  annealed a second 

t i m e  f o r  one hour a t  3000°F and a l l  specimens from T-111 a l l o y  material which 

was o r i g i n a l l y  heat t r e a t e d  f o r  one hour a t  3000°F passed t h e  s t r e s s - r u p t u r e  

l i f e  requirements,  A l l  of t h e  T-111 a l l o y  t h a t  w i l l  be used i n  Corrosion 

Loop 1 (T-111) w a s  given a f i n a l  anneal of one hour a t  3000°F. 

A l l  of t h e  va r ious  u l t r a s o n i c  d e f e c t s  found i n  t h e  r e f r a c t o r y  metal 

products w e r e  removed p r i o r  t o  use with only t h r e e  except ions.  The u l t r a s o n i c  

d e f e c t s  r epor t ed  i n  t h e  1-inch x 2-inch x 32-inch long T-111 a l l o y  bar  (MCN 

02A-047), which w i l l  be u t i l i z e d  i n  t h e  cons t ruc t ion  of t h e  loop condenser, 

are su r face  d e f e c t s  which were removed i n  subsequent machining of t h e  b a r .  The 

u l t r a s o n i c  d e f e c t s  i n  t h e  0.5-inch OD x 0.040-inch w a l l  (MCN 02A-040) and 

2.75-inch OD x 0.125-inch w a l l  (MCN 02A-029) Cb-1Zr a l l o y  tubes  were not 

removed s i n c e  t h e  tubes are  t o  be used i n  n o n - c r i t i c a l  a p p l i c a t i o n s  i n  t h e  

l i t h i u m  d i s t i l l a t i o n  f a c i l i t y  and are not an i n t e r g r a l  p a r t  of Corrosion Loop 

I (T-111). 

I t  should be noted t h a t  t h e  material s p e c i f i c a t i o n s  f o r  t h e  Mo-TZC and 

Cb-132M a l l o y s  w e r e  prepared from extremely l i m i t e d  d a t a ,  and t h e  apparent 

f a i l u r e  of t h e  Mo-TZC and Cb-132M a l l o y s  t o  m e e t  t h e  s p e c i f i c a t i o n s  i n  c e r t a i n  

areas does not imply t h a t  t h e  material is i n f e r i o r .  It  i s  a n t i c i p a t e d  t h a t  

t h e  d a t a  obtained on t h e s e  materials, both from t h e  vendor and work done a t  



.1 

I 
. J  

General Electric,  SPPS, (I) w i l l  make poss ib l e  t h e  p repa ra t ion  of improved 

s p e c i f i c a t i o n s  and a i d  i n  s e l e c t i n g  processing parameters which w i l l  r e s u l t  

i n  improved material p r o p e r t i e s .  

B. ALKALI METAL PURIFICATION 

The l i t h ium s t i l l  was outgassed a t  e l eva ted  temperatures  f o r  two months, 

therbby a t t a i n i n g  a room temperature outgassing rate of 2 mic ron- l i t e r s  per  

hour a t  a pressure  of 1 .2  x 10 t o r r .  Lithium d i s t i l l a t i o n  was i n i t i a t e d ;  

however, a s  a r e su l t  of an ins t rumenta t ion  f a i l u r e  i n  t h e  I- tubes (which indP- 

c a t e  t h e  s t i l l  pot l e v e l s )  f i v e  pounds of l i t h ium overflowed i n t o  t h e  r e c e i v e r .  

A l l  but one-half pound of l i t h i u m  was re turned  t o  t h e  hot t r a p  through an 

e x t e r n a l  l i n e  a t t ached  t o  t h e  r e c e i v e r  d i p  l e g .  The one-half pound r e s idue ,  

which remained i n  t h e  receiver, w i l l  be d i l u t e d  wi th  two five-pound batches of 

d i s t i l l e d  l i th ium,  each batch being re turned  t o  t h e  hot t r a p .  An a d d i t i o n a l  

f i v e  pounds w i l l  be d i s t i l l e d  i n t o  t h e  r e c e i v e r  f o r  a n a l y t i c a l  examination and 

f u t u r e  use .  The d i l u t i o n  f a c t o r  of t h e  one-half pound r e s idue  w i l l  be 1000 

and any impur i t i e s  con t r ibu ted  by t h e  u n d i s t i l l e d  l i t h ium w i l l  be i n s i g n i f i -  

can t  

-7 

C .  LOOP FABRICATION 

The f a b r i c a t i o n  s t a t u s  of T-111 Corrosion Loop Components is  as fo l lows:  

1. Slack Diaphragm Transducers 

Six T-111 a l l o y  t ransducer  housings were completed and shipped t o  Taylor 

Instrument Company f o r  t h e  N a K  f i l l i n g  ope ra t ion .  The T-111 diaphragms w e r e  

e l e c t r o n  beam welded t o  t h e  upper housings which were then  tungs ten  i n e r t  gas 

welded t o  t h e  lower f l a n g e s .  The Cb-1Zr ends of t h e  brazed b i m e t a l l i c  j o i n t s  

between Cb-1Zr and Type 316SS were then  welded onto t h e  T-111 a l l o y  of t h e  

NaK s i d e  of t h e  t ransducers  us ing  Cb-1Zr f i l l e r  metal. 

("Advanced Refractory Alloy Corrosion Loop Program, Quarter ly  Progress  Report 
Number 7 f o r  Period Ending January 15, 1967, NASA Contract NAS 3-6474, 
NASA-CR-72230, p . 8. 



Each t r ansduce r  w a s  postweld annealed a t  240Q°F f o r  1 hour i n  t h e  R.  D 

Brew Company Model 424B vacuum furnace shown i n  Figure 4 according t o  spec i -  

f i c a t i o n  SPPS 03-0037-00-A. Chemical ana lyses  of t h e  T-111 shee t  specimen 

used f o r  q u a l i f i c a t i o n  of t h i s  furnace are given i n  Table V I I .  The Cb-1Zr 

t o  Type 316SS b i m e t a l l i c  j o i n t s  w e r e  posi t ioned ou t s ide  t h e  heated zone of 

t h e  furnace ( i n  vacuum). A maximum temperature of 1400°F w a s  recorded on 

t h e s e  j o i n t s  when t h e  T-111 and T-111 t o  Cb-1Zr welds were a t  2400OF. 

The completed t ransducer  housings w e r e  shipped t o  Taylor Instrument 

Company f o r  t h e  NaK f i l l i n g  ope ra t ion .  This vendor w a s  a l s o  suppl ied w i t h  

a NaK sampler which w i l l  be f i l l e d  w i t h  N a K  equivalent  t o  t h a t  used f o r  t h e  

t ransducers 

2 .  Lithium and Potassium EM Pump Ducts 

Both EM pump duct  wrappers have been received.  All a d d i t i o n a l  T-111 

a l l o y  mpequired t o  complete both pump duc t s  was r e l eased  during t h i s  r epor t  

period and component machining i s  i n  progress .  All welds required as a p a r t  

of t h e  manufacturing sequence have been made. I t  is a n t i c i p a t e d  t h a t  f i n a l  

machining of t h e  h e l i c e s  f o r  t h e  i n t e r f e r e n c e  f i t  w i t h  t h e  wrappers w i l l  be 

completed by t h e  end of A p r i l .  

3. T h r o t t l e  and I s o l a t i o n  Valves 

The vendor, Hoke, I n c .  has  scheduled new de l ive ry  d a t e s  of Apr i l  28 f o r  

de l ive ry  of t h e  valve bodies and May 15 f o r  d e l i v e r y  of t h e  bellows assem- 

b l i e s  

Four sets of Mo-TZM a l l o y  spur  and pinion gea r s  w e r e  received.  

4 Turbine Simulat o r  

Blade d e l i v e r y  w a s  completed w i t h  t h e  r e c e i p t  of twelve (12) Mo-TZC and 

s i x  (6) Cb-132M a l l o y  blades.  All blades w e r e  crack-free and have been 

r e l eased  f o r  incorporat ion i n  t h e  t u r b i n e  s imulator  nozzle assemblies.  The 

machining and assembly of t h e s e  nozzle s t a g e s  is now proceeding. 

F 
P 

i 
.- 1 

J 

The t u r b i n e  s imulator  cas ings  have been received.  
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Figure 4. High Temperature Laboratory Vacuum Furnace. 
R.D. B r e w  Company - Model 424B. 
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TABLE V I 1  

RESULTS OF CHEMICAL ANALYSES OF T-111 SHEET 

FOR HEAT TREATMENT QUALIFICATION 

Pressure ,  Torr  Element, ppm 
S t a r t  End 
of Run of Run C N H  0 - - - -  

89 9 1 9,11 (1) Pre-Test Analysis  (MCN02B-010) 

Analysis a f t e r  2400°F/one hour 3.8 1.4 54,56 5 , 7  <1 5 ,9  
i n  SEW Brew Vacuum Furnace 

(Model 424B 4 1/2-Inch D i a  x 
7-inch) 1 2 )  

Cl238-11 

0.040-inch t h i c k  shee t  

"' Specimen wrapped with one overlapped l a y e r  of 0.002-inch t h i c k  Cb-1Zr f o i l .  

? d 

i 



' 1  

1 1  
i 

. . j  

5. Condenser 

During t h i s  r e p o r t  period two procedures f o r  d r i l l i n g  t h e  center ho le  

i n  t h e  1-inch x 2-inch x 31-inch T-111 a l l o y  condenser ba r  w e r e  eva lua ted .  

Since i n i t i a l  gun d r i l l i n g  t r ia ls  had r e s u l t e d  i n  f a i l u r e  due t o  a breakage 

of ca rb ide  d r i l l s  and excessive w e a r  of high speed steel d r i l l s ,  a sample of 

T-111 a l l o y  w a s  suppl ied t o  Standard Tool Company, a producer of gun d r i l l s  

f o r  eva lua t ion .  The i r  r e p o r t  i nd ica t ed  t h e  most success us ing  a high speed 

gun d r i l l  head t o  which they appl ied a p o s i t i v e  rake c h i p  break along with a 

10-degree s t a c k  p o i n t .  Addit ional  material would be r equ i r ed  t o  f u r t h e r  

d e f i n e  gun d r i l l i n g  parameters.  

Concurrent w i th  t h e  above i n v e s t i g a t i o n ,  one 32-inch long condenser 

bar  was committed f o r  conventional d r i l l i n g .  A 0.406-inch diameter hole  was 

d r i l l e d  success fu l ly  using a long f l u t e d  t w i s t  d r i l l  w i th  an extension 

brazed t o  t h e  shank. The d r i l l  w a s  ground wi th  an included angle  of 135 

degrees .  A hand feed of approximately 0.003-inch per  r evo lu t ion  and a d r i l l  

speed of 6 SFM produced t h e  best  c u t t i n g  a c t i o n .  

Af t e r  t h e  success of conventional d r i l l i n g  was demonstrated, t h e  63-inch 

long condenser bar w a s  cu t  i n  half  and one a d d i t i o n a l  s e c t i o n  was d r i l l e d  

success fu l ly  t o  produce t h e  two s e c t i o n s  required f o r  t h e  60-inch long con- 

denger.  These two d r i l l e d  components w e r e  t hen  r e l eased  f o r  f i n a l  machining 

and honing of t h e  i n s i d e  diameter.  

6 .  Bo i l e r  

1 
~. J 

The welding of t h e  i n t e r n a l  tube,  space r s ,  and e x t e r n a l  tube s h e l l  was 

completed and shipment w a s  made t o  t h e  b o i l e r  forming vendor. Bo i l e r  forming 

w i l l  be completed e a r l y  i n  t h e  next r epor t  pe r iod .  

7. Stressed Diaghraam Transducer 

The e l e c t r o n  beam welding of t h i s  assembly w a s  completed. EB welding 

w a s  u t i l i z e d  f o r  j o i n i n g  t h e  diaphragm t o  t h e  t ransducer  body f l a n g e s .  

D. QUALITY ASSURANCE 

1. Polishing and P ick l ing  of T-111 Tantalum Alloy Tubing 

In  t h e  pos t - t e s t  metal lographic  eva lua t ion  of loop components fol lowing 

3 
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long t i m e  exposure t o  a l k a l i  metals, it is  o f t e n  d i f f i c u l t  t o  determine i f  

t h e  su r face  i r r e g u l a r i t i e s  observed on t h e  inner  su r face  of tube w a l l  are a 

r e su l t  of cor ros ion .  Quite  of ten ,  t h e  most t h a t  can be s t a t e d  is  t h a t  t h e  

before  test su r face  and a f t e r  test  su r face  are similar i n  appearance.  In  

* order  t o  permit a more p rec i se  determinat ion of t h e  ex ten t  of a t t a c k ,  t h e  

smoothness of t h e  I D  su r f ace  of po r t ions  of t h e  T-111 a l l o y  loop tub ing  is 

being improved by pol i sh ing  wi th  120- and 600-grit  alumina c l o t h  followed 

by p i ck l ing  i n  accordance wi th  SPPS Spec i f i ca t ion  Number 03-0010-00-C, 
1 1  Chemical Cleaning of Columbium, Tantalum, and t h e i r  Alloys". 

The smoothness of t h e  I D  su r f ace  of t r ansve r se  tube  specimens i n  t h e  

as received,  a s  received and p ick led ,  as pol ished and as pol ished p lus  

pickled condi t ions  are shown i n  Figure 5 .  The in s ide  su r face  of t h e  tube  

specimens w a s  pol ished by means of a l /4-inch por tab le  d r i l l  w i th  t h e  alumina 

g r i t  c l o t h  i n s e r t e d  i n  a s l o t t e d  rod.  The I D  of t h e  tube w a s  pol ished u n t i l  

0.001-inch w a s  removed from t h e  su r face .  A s  shown i n  Figure 5, t h e  combi- 

na t ion  pol i sh ing  and p ick l ing  t reatment  r e s u l t e d  i n  an e s s e n t i a l l y  smooth 

sur face  f r e e  of flowed metal .  

E .  ADVANCED TANTALUM ALLOY CAPSULE TESTS 

The ASTAR 811 and ASTAR 8 1 1 C N  a l l o y s  were heat  t r e a t e d  by Westinghouse 

a t  3000'F f o r  one hour.  The heat  t r e a t e d  a l l o y s  w e r e  received on February 23, 

1967, and subsequently examined meta l lographica l ly .  The micros t ruc tures  are 

shown i n  Figures  6 and 7 and i n d i c a t e  both  a l l o y s  t o  be 100% r e c r y s t a l l i z e d  

wi th  a g r a i n  s i z e  of ASTM 6.  Considerable second phase p r e c i p i t a t e  can be 

seen i n  t h e  g r a i n  boundries and matrix of t h e  ASTAR 811CN a l l o y .  Chemical 

analyses  resu l t s  before  and a f t e r  heat t reatment  are presented i n  Table V I 1 1  

along with t h e  vendor 's  ingot  a n a l y s i s .  The tungs ten  concent ra t ion  of t h e  

ASTAR 811CN a l l o y ,  6.4%, is  considerably below t h e  nominal concent ra t ion  of 

8% 

Specimens of ASTAR 811 and ASTAR 811CN measuring approximately 1-inch 

wide and 34-inches long w e r e  heated by d i r e c t  r e s i s t a n c e  t o  2400°F i n  a 

vacuum of 1 x 10 t o r r  maintained by an oxygen leak  f o r  30 hours according 

t o  t h e  procedures previously developed t o  contaminate s i m i l a r  T - l l l  a l l o y  

-6 
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Figure 6 .  Microstructure of ASTAR 811 Alloy Following Heat Treatment 
at 3000°F for 1 Hour. 
Size of 6 .  (D510111) 3 

Etchant: 30 gm NH4F-20 ml H20-50 ml HN03 Mag: 500X 

Recrystallized with an ASTM Grain 

Figure 7. Microstructive of ASTAR 811CN Alloy Following Heat Treatment 
at 3000OF for 1 Hour. Recrystallized with an ASTM Grain Size 
of 6.  (D510211) 

Etchant: 30 gm NH4F-20 ml H20-50 ml HNO3 Mag: 500X 
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specimens(2).  The 1 x 

to red  wi th  a G.E. p a r t i a l  p ressure  gas  ana lyzer ,  shown i n  Figure 8. This  

mass spectrometer device is  a magnetic d e f l e c t i o n  instrument wi th  a N i e r  

type  of e l e c t r o n  bombardment ion  source and e l e c t r o n  m u l t i p l i e r  d e t e c t o r .  

Although t h e  oxygen p a r t i a l  p ressures  and specimen temperatures  were 

r igorous ly  con t ro l l ed ,  post  t es t  chemical analyses  ind ica ted  considerable  

d i f f e rences  i n  oxygen concent ra t ion  between t h e  ASTAR 811 and ASTAR 8 1 1 C N  

a l l o y s .  Six dup l i ca t e  ana lyses  were performed on specimens taken  from 

var ious  regions of t h e  shee t  of each a l l o y .  The ASTAR 811 average oxygen 

concentrat ion w a s  found t o  be 490 ppm* as compared t o  an  average oxygen 

concentrat ion of 590 ppm** f o r  t h e  ASTAR 811CN a l l o y .  The contamination 

specimens have been cu t  t o  appropr ia te  s i z e s  f o r  cons t ruc t ion  of t h e  cap- 

s u l e s .  Further  f a b r i c a t i o n  of t h e  potassium r e f l u x  capsules  i s  pending on 

t h e  r e s u l t s  of t h e  preliminary capsule  t e s t .  This capsule  w i l l  be put on 

tes t  i n  t h e  next repor t  i n t e r im .  

t o r r  atmosphere i n  t h e  vacuum chamber was moni- 

(2)Advanced Refractory Alloy Corrosion Loop Program, Quarter ly  Progress Report 
Number 6 f o r  Period Ending October 15, 1966, NASA Contract NAS 3-6474, 
NASA CR-72177, p 17. 

* 459 ppm minimum t o  580 ppm maximum 

** 540 ppm minimum t o  740 ppm maximum 
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A .  

B .  

C .  

IV . FUTURE PLANS 

Complete the fabrication of major components and 

Corrosion Loop I (T-111). 

sub-assemblies for 

A sample of distilled lithium will be analyzed. 

The preliminary capsule test will be completed and weld specimens of the 

ASTAR 811 and ASTAR 8 1 1 C N  alloys will be prepared. 
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Attn: W, He Cook 

Oak Ridge Nat ional  Laboratory 
Oak Ridge, Tennessee 37831 
Attn: We 0. Harms 

Oak Ridge Nat ional  Laboratory 
Oak Ridge, Tennessee 37831 
Attn: L ib ra r i an  

Oak Ridge Nat ional  Laboratory 
Oak Ridge, Tennessee 37831 
Attn: J. H. DeVan 

Oak Ridge Nat ional  Laboratory 
Oak Ridge, Tennessee 37831 
Attn: G. Goldberg 

P r a t t  & Whitney A i r c r a f t  
400 Main S t r e e t  
E a s t  Hartford,  Connecticut 16108 
Attn: L ib ra r i an  

Republic Aviat ion Corporation 
Farmingdale, Long I s l and ,  N e w  York 
Attn: L ib ra r i an  

Rocketdyne 
Canoga Park, Ca l i fo rn ia  91303 
Attn: L ib ra r i an  

Solar  
2200 P a c i f i c  Highway 
San Diego, Ca l i fo rn ia  92112 
Attn: L ib ra r i an  

Southwest Research I n s t i t u t e  
8500 Culebra Road 
San Antonio, Texas 78206 

Superior  Tube Company 
Norristown, Pennsylvania 
Attn: A. Bound 

Sylvania Electrics Products,  Incorporated 
Chemical 61 Metal lurg ica l  
Towanda, Pennsylvania 
Attn: L ib ra r i an  

TRW Inc. 
Caldwell R e s  Center 
23555 Euclid Avenue 
Cleveland, Ohio 44117 
Attn: L ib ra r i an  

Union Carbide Corporation 
S t e l l i t e  Divis ion 
Kokomo, Indiana 
Attn: L ib ra r i an  

Union Carbide Nuclear Company 
P.0, Box X 
Oak Ridge, Tennessee 37831 
Attn: X-10 Laboratory,  

Records Department (2) 
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Union Carbide Metals 
Niagara F a l l s ,  New York 14300 
Attn: L ib ra r i an  

M r .  W. He Podolny 
United A i r c r a f t  Corporation 
P r a t t  & Whitney Divis ion 
400 W. Main S t r e e t  
Hartford,  Connecticut 06108 

United Nuclear Corporation 
Research and Engineering Center 
Grassland Road 
Elmsford, New York 10523 
Attn: L ib ra r i an  

Union Carbide Corporation 
Parma Research Center 
P.O. Box 6115 
Cleveland, Ohio 44101 
Attn: Technical Information Services  

Wah Chang Corporation 
Albany, Oregon 
Attn: L ib ra r i an  

Westinghouse Electric Corporation 
Astronuclear Laboratory 
P,O. Box 10864 
P i t t sbu rgh ,  Pennsylvania 15236 
Attn: L ib ra r i an  

Westinghouse E l e c t r i c  Corporation 
Astronuclear Laboratory 
P,O. Box 10864 
P i t t sbu rgh ,  Pennsylvania 15236 
Attn: R. T. Begley 

Westinghouse E l e c t r i c  Corporation 
Materials Manufacturing Divis ion 
RD #2 Box 25 
Blairsville, Pennsylvania 
Attn: L ib ra r i an  

Westinghouse Electric Corporation 
Aerospace E l e c t r i c a l  Divis ion 
Lima,  Ohio 
Attn: P. E. Kueser 
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Westinghouse Electric Corporation 
Research & Development Center 
P i t t sburgh ,  Pennsylvania 15235 
Attn: L ib ra r i an  

Wyman-Gordon Company 
North Grafton, Massachusetts 
Attn: L ib ra r i an  

Grumman A i r c r a f t  
Bethpage, New York 
Attn: L ib ra r i an  

Lawrence Radiat ion Laboratory 
Livermore, Ca l i fo rn ia  
Attn:  D r .  James Hadley 

Lawrence Radiat ion Laboratory 
Livermore, Ca l i fo rn ia  
Attn: L ib ra r i an  (2) 

Allison-General Motors 
Energy Conversion Divis ion 
Indianapol i s ,  Indiana 
Attn: L ib ra r i an  

North American Aviation, Inc. 
Atomics I n t e r n a t i o n a l  Divis ion 
P.O. Box 309 
Canoga Park,  Ca l i fo rn ia  91304 
Attn: Di rec tor ,  Liquid Metals 

Information Center 

Douglas A i r c r a f t  Company, Inc. 
Missile and Space Systems Divis ion 
3000 Ocean Park Boulevard 
Santa  Monica, Ca l i fo rn ia  
Attn: L ib ra r i an  

Climax Molybdenum Company of Michigan 
1600 Huron Parkway 
Ann Arbor, Michigan 48105 
Attn: L ib ra r i an  

Climax Molybdenum Company of Michigan 
1600 Huron Parkway 
Ann Arbor, Michigan 48105 
Attn: D r .  M. Semchyshen 
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Fans t ee l  Me ta l lu rg ica l  Corporation 
North Chicago, I l l i n o i s  
Attn: L ib ra r i an  

Nat ional  Research Corporation 
405 I n d u s t r i a l  Place 
Newton, Massachusetts 
Attn: L ib ra r i an  

Varian Associates  
Vacuum Products Div is ion  
611 Hansen Way 
Palo Alto,  Ca l i fo rn ia  
Attn: L ib ra r i an  

Universal  Cyclops Steel Corporation 
Refractomet Divis ion 
Brfdgevi l le ,  Pennsylvania 
Athn: C. Po Mueller 

LOS Alamos S c i e n t i f i c  Laboratory 
Universi ty  of Ca l i fo rn ia  
Los Alamos, New Mexico 
Attn: Libra r i an  

Lockheed Georgia Company 
Divis ion,  Lockheed A i r c r a f t  Company 
Marietta, Georgia 
Attn:  L ib ra r i an  

TRW, Inc. 
TRW Systems Group 
One Spaee Park 
Redondo Beach, C a l i f o r n i a  90278 
Attn: Dr.  H. P. Silverman 

Sandia Corporation 
Aerospace Nuclear Safe ty  Divis ion 
Sandia Base 
Albuquerque, New Mexico 87115 
Attn: A. J, Clark 

Sandia Corporation 
Aerospace Nuclear Safe ty  Divis ion 
Sandia Base 
Albuquerque, New Mexico 87115 
A t  tn :  L ib ra r i an  

Sandia Corporation 
Aerospace Nuclear Safe ty  Divis ion 
Sandia Base 
Albuquerque, New Mexico 87115 
A t  t n  : James Jacob 
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